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= (54) Title: METHOD OF INDUCING DIFFERENTIATION OF MESOBLAST STEM CELLS OR ES CELLS INTO NERVE 
= SYSTEM CELLS 

(57) Abstract: It is found out that when mesoblast stem cells or ES cells prepared from a mononuclear fraction separated from bone 
marrow fluid or cord blood are cultured in a fundamental liquid culture medium, the differentiation of these mesoblast stem cells or 
== ES cells into nerve system cells or glial cells is induced. It is further found out that the induction of the differentiation of mesoblast 
sssb stem cells or ES cells into nerve system cells is promoted by adding an ischemic brain extract to the above-described fundamental 
liquid culture medium. It is clarified that the nerve system cells obtained by the above method are capable of regenerating nerve in 
^= a cerebral infarction model, a dementia model, a spinal injury model and a demyelination model. 
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mm* 

fS2£&J!P$Hfi£ (^"Urfx^HP^'J 7 oligodendrocyte) (Archer, 
DR. ei al., Exp Neurol, 1994, 125, 268-77. > Blakemore, WF. and C 
rang, AJ., Dev Neurosci, 1988, 10, 1-11. . Gumpel , M. etal., Ann 
New York Acad Sci, 1987, 495, 71-85.) , a. V >M (Blak 

emore, WF. , Nature, 1977, 266, 68-9. , Blakemore, WF. and Crang, 
AJ., Dev Neurosci, 1988, 10, 1-11., Honmou, 0. et al., J Neurosc 
i, 1996, 16, 31 99-208.) t> l> < 7 T t> V U -X >«>-f-*> 9 

jfflBS (olfactory ensheating cells) (Franklin, RJ. et al., Glia, 
1996, 17, 217-24. , Iinaizuml, T. et al., J Neurosci, 1998, 1 8 (1 6), 
61 76-61 85.. Kato, T. et al., Glia, 2000, 30, 209-21 8.) $®flt$| 

• ^S^M^H^itS Z. tWT%& (Utzschneider, DA. et al., Pr 
oc Natl Acad Sci USA, 1994, 91, 53-7. . Honmou, 0. et al., J Neur 
osci, 1996, 1 6, 31 99-208.) 0 £ 5 &i$fflJi££it#t> L < \*mAfr6 
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(Gage, FH. et al., Proc Natl Acad Sci USA, 1995, 92, 11879-83., 
Lois, C. and Alvarez-Buyl la, A., Proc Natl Acad Sci USA, 1993, 9 

0, 2074-7., Morshead, CM. et al., Neuron, 1994, 13, 1071-82., Re 
ynolds, BA. and Weiss, S., Science, 1992, 255, 1707-10. ). 1ft JM 

M^MftMK^fcLfcD (Chalmers-Redman, RM. et al., Neurosc 

1, 1997, 76, 1121-8., Moyer, MP. et al., Transplant Proc, 1997, 
29, 2040-1., Svendsen, CN. et al., Exp Neurol, 1997, 148, 135-4 
6.) , IfcSlfift^tSa^fS (Flax, ID. et al., Nat Biot 
echnol, 1998, 16, 1033-9. ) . ffltttt l,fc»#»©*ttfc/*A!IK 

%®UL tz Z. tfim& S tlT^S (Akiyama, Y. et al., Exp Neurol. 
2001.) . 

Ltlft»Z.£**®LX»Z1tiib. **&Hii>*9I^TU«. (Akiyam 
a, Y. et al., Exp Neurol, 2001., Chalmers-Redman, RM. et al., Ne 
urosci, 1997, 76, 1121-8., Moyer, MP. et al., Transplant Proc, 1 
997, 29, 2040-1., Svendsen, CN. et al., Exp Neurol, 1997, 148, 1 
35-46., Yandava, BD. et al., Proc Natl Acad Sci USA, 1999, 96, 7 
029-34.) . 

tj^Oftb, *0*8«&*fcWU SttttfciHl&fcl** SBM3S$$ 

Jga>HrUI& (progenitor cell) *¥-l»l&*M (single cell expans 
ion) L,-t;V5-f Wfcb in vitro □ - >#*Jt £tto 
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P > (neuron) , JBMttffll&(7a h P ^ U 7 astrocytes) , 

(* ij zfx> H p^U 7;oligodendrocytes)^0#4t]/5<gSfc6nfc;i£ 

tot, ^B©«&&#«£&C#TSte*&©«:4£t' i 5£5&>5, «®T 

asfec tT?«ofc. cnc^u, h^*- 

2001-160579) . Tftto^, #IHBII&J: 0W»l/fe¥*aiJI& 

#H##ill^I&^©#{b$£W1"5 &©"*?&£ ^t^M.iUVIto £ 6 
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n54'E^#iffllia> tfcttBS in vitro fc^ViT, #M^tBIS 

AfcWtett* tli?**fcttW#jfti^6^»SnSJ|l*ail&»li^6W 
«l/& + K*»«J6*fcttBS«liafe, 1 (DMEM (Dulbecco' s modi 

fied essential medium) 503!, F-12 50$, FSC IS!, bFGF (Basib fibrobl 
asl growth f ac tor) 10 ng/ml £8B^i)n, EGF (Epidermal growth fact 
or) 10 ng/ml £SB^Jn) , Sfctt«*ffi2 (NPBM (Neural Progenito 
r Basal Medium) , 2$ Neural survival factors (Clonetics), 0.25! h 
EGF(human Epidermal growth factor), 0.2$ Gent ami cine-amphoterici 
dB , 0.2$ hFGF(huraan fibroblast growth factor), bFGF 10 ng/ml £ 
Jt B MiU, EGF 10 ng/ml £lB&ftI) tC*5V>T, )?Ibfct*®^iT?, 

^ttitrnm-? s c t * mm l&. 

EKtHBilfi, *fctt ES«£, ttSttl (DMEM 50$, F-12 50$, FSC 1$) 
;gL<tei&^$?2 (NPBM (Neural progenitor cell basal medium: Clon 
etics) . 2$ Neural survival factors (Cloneticsh 0.2$ hBGFOiuman 
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Epidermal growth factor), 0. 2% Gentamicine-amphoter icinB , 0.2* 
hFGFChuman fibroblast growth f actor)) \Z# V^TigST £ C t Iz J; V , 

ananas &« es mm^^nm^mm^o^^mm^m^n^ cts 

icMbTte, ISIiT^k Si**^;^ ttlMHI^TJW UJi^rJl' 
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2000 |gteT?ftEfc«i;fc»l»lC+»a:B»H, *«*fcT*flttlEJI'i>fc 
ft^. fc&tft, itS l.07g/ml frfc l.lg/ml ©•fiBBC^*tl«Wlfi»li& 

C3] *mm&MffiW SH2(+), SH3(+), SH4<+),CD29(+), CD44G), C 
DU(-), CD34(-), CD45(-)<D#$fc£W*f £>Ml?&S CD C 2 3 

U 7»iafl»S&<&»J:?>afc3*i*» CD ~ C3] lcfB«t©;£&> 
(5) bFGF, EGF, £fc«l*]fiLMffli»££inX- ; 5 C t 

CD ~ C4) ©V>1*nXMc IE 
C6) CD ~ C 5 3 ©Vi-fn*fcB«0*ftfcJ:oTll6n*«IIS, 
(7) C63 U:gB$<<z>M£^tf> ©i&SKfcfc©a&#tt» 
(83 *M;fc£tf*M©M]£iL *&tt£<fctf 

©T&S, (7) £Ett0&j$tt, 
C9] C6] Cf3«£©iM> C7] tfitOfijJ»*l/'>t!l 
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[11] ^*IT5iiffllia^Wv / tfX> Hca*bTV>5, [93 

[io] fci3*ojii*^s, *a* , rs , b©"e*5. 
^6^» a n«**«»^ii testis *E*#«fi»*»i»* eshuss* 
*»ii&^wi*-r*:£js*jitirr*>. 

t£*s S2€> 7*, -f th&£) SttT^, # 

sstf«£, 2oooni<gTJtatjssi;fc^iit+»35:i^iai, »»c+fcT$« 

4JE3l'C>«ff ^ J±a l.07g/ml 36» & 1. lg/ml OilC^StlS 

fct;fc#lttfc+#fcl6l«lJ M^EflM>©fcfe®»ttrtT^ IBBS 

~30#fflgJST-*£. HIiRTSfflfla^iaoitSW:, £f£L< « 1.07g/m 
1 1.08g/ml ©tSffl (fllAtf, 1. 077g/ml) TffcSo M43E*4>© 
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tctb(Dm&t LTIt Ficol Percol ^Sffl ^ 5 £ £ 5 ifi Ztl 

st, (5-10/4 1) 

4ft (1L-15 £ 2ml, Ficol $ 3ml) fcfg^U (2000 15 #FH) 

l, (» imO ^jam-r^, c©m*«mia^iii&iBiia©ft 

(NPBM 2ml) IC^&LT, 38 to (2000 

mMMftM*, 9WL\t* Jt*^ 1 (DMBM (Dulbecco's Modified Eagles 
Medium-Low Glucose), 10* FBS (fetal bovine serum), 1* anti-bioti 
c-antimycotic solution) , 2 (MSCBM (Mesenchymal Stem Cel 

1 Basal Medium) , 10% MCGS (Mesenchymal Cell Growth Suppl 
eioent) , 4 mM L-Glutamine, 1% Penicillin-Streptomycin) 

3 (DMBM (sigma) , 10% FBS (gibco) , 1% Penici 1 1 in-St 
reptomycin, 2raM L-Glutamine (gibco) ) 37*C , 5* C0 2 in air 

*»«i:*v»Ttt, ±f3»M#Iii (iSat^otftifc^ir) 

ma jrr. ^e^mm, a*.**, sh2(+), sh3(+), 

SH4(+),CD29(+), CD44(+), CD14(-), CD34 (-) , CD45 (-) 
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900g TttMfcJfoDfcfl-SI R3> Jgtt+fcTttflMJEJtfofc 

fr^, &>b'&> JtS 1.07g/ml 1. lg/ml rolSHK^ftS-^Otta 

Mm&*<D&m\zfovtz&m*&®%<Diz.^fttmmzMvMb, m% io 

^05fcJi)C9i«itT!t Ficol Percol tt*J|JV>S C 

Afcfclft^lHi* #*»*^6JII*bfc1lll* (25ml) 

JW#Jfc£H««D PBS U (900gT? lO^W) U £tM 

H* PBS fc»£l/T@lR (IHBJiSffi&K 4X10 7 M/ml g&) tSZlfcC 
«fcD, ^<Z)5£ 5ml Sr Percol^ (1.073 

g/ml) £jg£L, 8 ft (900gT 30£W) L, fflT § . 

HBIIS®fti*©fc«>l::, tttti L&JlMfc»!IIS#iI£, (D 
MEM, 1 OJK FBS, 1% an t i-bi o t i c-an t imyco t i c sol u t i on) , 2 £ fc 

iittHttS &'i> (2000 @<6Tf 15#R5) &v>T, 8& 

&©±SK*€rlfc*U tfcBLfclWlllS*ll|iKU (37*0, 5% CO 

2 in air) 0 

2(+), SH3C+). SH4(0, CD29 <+) . CD44G), CDH(-), CD34 (-) , CD45 
^^>> h h'-X^fflTSm iUfCt^V-^- (FACS^) 
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Jjfe (Doetschman TC, et al. J Elbryol Exp Morphol, 1985, 87, 27- 
45, Williams RL et al., Nature, 1988, 336, 684-687) \ZkoXMU 
*imx&Zo *^§|{:^^TIJ, £©£5 \ZbXfflmZtl1t ES M£, 

mmm\zmm<o&wmz&^x, nm^Mm^ftimmznz zttfvi 
mx%>%> 

*%®\z&^x\t. ±tB4'K^#ifflj3a^fc«±iBEs mm*, mmm% 

nmz&^X, 33t^~38r©^ft1?i$«-r^o 

*&mz&n%g s }&m%mmthT\t, mu^mz^m^n^m%(o 

%mmx&nti&\Zfflmtefc^tf, #£U<&, DMEM(Dulbecco's modi 
fied essential medium) £ 1z\$ NPBM (Neural progenitor cell basal m 
edium: Clonetics)T& %o±.mg l &&)i&%Wi(D*:<Dm<D}$ t ftt Utfi. 

^tMRStefc^^ jf^t^intLTii, mnm2\z&m<D^mm\z 

^■£n-!> F-12> FSC, Neural survival factors (Clonetics)^^tf £> 
te> F-l 2 ^ 50*. FSCtelKT&S. K & £ CO, $]gfcfc$f 

BSHmS»C^^T©*S6W<3HlttKlx bFGF (Basib fibroblast growth fa 
ctor) SfcttBGF (Epidermal growth factor) Spiral* 3. Z\<D%&. 

znbfe&mxmtaLxh. m%mtaisx*>*.\*> ±.bb bFGF bgf 

©SStbttt, lng/mlMOOng/ml **#tfsn*«, »*U<tt, 10ng/m 
IT**. ^5nP##i^M#££ L/Ttt. ttfcttl8ttfcUj&*, £?£b< 
tt , ± IB ■*» E m It IB m S ft tt ± IB ES ^ffl IS * K£ SI W ft * &T*i&« U fc # 
5« *B»toTs;friS###&n*. Sft, *E*t*»iifi£tt«#»IJI6 

MMMS**fT3lRlCtt,±E36S^#**K: bFGF EFG £»T 



WO 03/038074 



PCT/JPOl/09510 



1 1 

urosphere^^)T^^Tfe>^«^^^#«tfe^^TafeoT i fe4;Vi 0 
K**§Stl/"CB, WAtf. y >n-x^>y-r'f v *>a (non-coat i 
ng dish)*J&«*lf Sn*. 

npbm (M&ifflJM&*i£) fcjta*., *^vx^<if-icT«ffHc$» 
#-rs. &^t, 8oorpHT? 5 #w»'fru ±mfr%M#>> ^yzfvyy 

SSt LTB. 4*iCttlRtt&^. 

ttSttllltt. #ft«HBinfi, #MJJS, *fctt^U7 
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£ft±$i3:3, *&n#«*lfflte^©$ &&**Hb£4lii"rs*!jS©8s 

&$fli£w-rs3i£^©^A> <8)*»fB©»tt«J, 

fifCiA, <3)l«*^ifflll&©*ifr&3ffiftSia:*<ft»©85jbR, 
©ck5^^^&*1-^>^fi : F©^Ax(B)^fl&JW^$PSi3T§%M©^JD, 
a56^ttCOJ:5&»*ft*TfiIfi?©»X. ©&2gKJft©ffll$<J£g 
Wi:l,fc4fcK©8S;!lD, **^t4C©«fc5fe»****r*3t€ : F©*X, 
<Z)x*;U*-ftIH*»»K:T$*l»©S6ftK *S W*il©.*:dfc&*€: 
tt^iefCiA, ® F;>--iM©*X hiia8irtT©>i;fcfl&£|6]±<* 
■tfattiR, cfeav>te;r©£5&M£WT3«£^©#A> (Djfo.«fr 
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$5*w§, mm*, ^mmm^ts) > &ft*#* 

#36 9iK:J;fttf* k*>ex>hS*0#ll**fctt*#jfc*5^«ly 
Mteft?HC{&# L ©T£ T «k V*. 

Lfc#«jsm&*tbu E©»«»&K:ait#Ti£&&A?-*c:£i::«k 

ifffii*^©aAT!)M))S|!l#Tt5 0 £©JI#, il«©$? 
f££$rafflj& S a A T * £ t *«T? * 5 & ft > A# © © tt ft < . 

# « m a fc # t s at e * & ft ffl * * * - 1 u t © % u ffi m # $ n * o 
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-T?*S SH3 *»«LTttH*# (A) » #ft#«IfilOV-*-T?»* 
nestin«tt-e&3 (B) . iS«&#TT?03HbM&, fifWI:fe 
#j&MJM«lbU Sfcv «t»K**«ft©T-*-T*5 SH3 3^BI 
tt-fbl/ (C) , MMfl£©T 3 nest in &E§&£&5 (D) , 
A, BT?« 10tf m £5kU C, DTte 200jum ■ 

fc«ftT«'flSll»*r5t.ttttlHia(A.D), 7Xhot-f h(B,E), 
#U =fx> KniK h (C, F) ^t^fl3f«Ci*^t*XT*«. 
DteNSB (neuron-specific enolase) , E GFAP (glial fibrillary a 
cidic protein), F \t GalC(galactocerebroside) T!%.&%i&l>tc3$-My 

S^$m£#St&#TTftf£#M^#'rb$J8Lfc H*- LacZ 
flMS^ (*HMj3 h lf-X^^it5) T it & ft IT 

SSIO X-gal Tra&STS tK^tt6^^6t§. lyfctfoT*' 

-wis*** MKa»i*j*?ifi**r* ?v bmm 

#1HMIC|* 5) LacZ ififT7-^ Lfc H^— IBJ!fi€fJHIl/&tS*, 
SSffiSCRS-3fc*JB»J6«, fiSHU, ft SIM* «* fx? 

?y M*ttJt4B ; ExJI' (i-M^^JVtflflfctTJV) K LacZjtfc 
Bl (A) , gtt (B) , KM (C) ©'sfcffijfeU SLM 
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A, B, C, D, E, F ICfctf ;Wt~tt, A, B, CT&200 

//m£^L> D, E, F T? 10 fi m £^1". 

ffir*T«JfcL&^*-C**. A, B, CD, E, Ffc*tJSXdr-;U 
A-fi, A, B, C*Cfi 250 At m D, E , F T?J* ldtf m *zft*J". 

7,7 -i J (neurosphere) 

(i) m*«Dja»H*«ktf»*iK«ia^Ho»*« 

Y^X (^itfth) #SSttUfciDiaii->7 r ;i'*, Ficoll 3ml 
#t« L-15»ifl!(2ml)4 , Cm^bT>ji^^SI(2,000rpjD,l5^lffl) Lfc. 
**»W»A»6«ia***, 2ml <Dfc]fafl!f#tfKirmttSlWtefcfc#:Hl(N 
eural Progenitor cell Maintenance Medium) : NPMM) $ f£!!8iS L, § £> 
K»ifr»»(2.000rpi, 15#ffl)LT, ±«#SI!fc*U tt*Lfc«HIS* 

Sfc, ##JHJi6#lB*, (DMEM (Dulbecco's Modified Eagl 

es Medium-Low Glucose) 103! FBS (fetal bovine serum), \% anti-bio 
tic-antimycotic solution) , 2 , «rH«3ff>T?, 37"C, 5* CO, 
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(2) *E8£#M 

±13 (i) \zftm<Dj3&rmmLit&mmfe&m. ztcumg-mm®. 

SH2(+), SH3(+), SH4(+), CD29(+), CD44(+), CD14 
(-), CD34 <-) , CD45(-)<f©#H*#-r«3»Jfil*.tt#*«ffltTfftat 

;uy-^- (facssp) *«ffl-r**StSfflVJfc. 

(1) *E*#«ia*&«'fi»i!(iiia^©»* 

05X trypsin, 0. 02* EDTA)' , 6 ^IBJ) la^T^b, 

ViT, 800 HUET? 5#W»&bfc. tt»L/fclHI6St:^s/ h*C®V»±Jf 
feo UrbV^Hf&l (DMEMCDulbecco' s modified essential me 

dim) 50X, F-12 SOX, FSC IX, Basib fibroblast growth factor (bFG 
F) 10 ng/ml £^B^iB> Epidermal growth factor (EGF) 10 ng/ml £ 
SB^iP) £fcfti£#$?2 (NPBM (Neural progenitor cell basal medi 
um: Clonetics) , 2% Neural survival factors (Clonetics), 0.2* hE 
GF(human Epidermal growth factor), 0.23! Gent ami cine-amphotericin 
B , 0. 235 hFGFOiuman fibroblast growth factor), Basib fibroblast 
growth factor (bFGF) 10 ng/ml SlBillD, Epidermal growth factor 
(EGF) 10 ng/ml £igB») , (on-treated polystyrene di 

sh) C^HT, Sll/fctS(D«»T, 5XC0 t , 37t:Tig*£M b fc 0 

(2) ^EX#MM^& : MiSini6^^U7«lltS'vCD||)l| 
**bTV>5^$#jHBI&©Ja*«£. *rbv»l&*« (DMEM(Dulbecc 

o' s modified essential medium) 50X, F-12 50X, FSC IX) Sb<«i& 
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(NPBM (Neural progenitor cell basal medium: Clone tics) , 2% 
Neural survival factors (Clonetics), 0. 255 hBGF (human Epidermal 
growth factor^ 0.2* Gentamicine-amphotericinB* 0. 2X hFGF) \z£%. 

±IB (1) (2) o*tfeR:J:«*KSII#ttl6^6#ft*IIHia^ 

(ttiftttfHI&O^-a-Tfc* nestin "btfttt) > 
WiiiMJW? 5 nestin tfMtt fc fc* C t "Tfro & (0 1 ). 

eurosphere)£MLfc (Hi) . d©ffft»«JIS^6, MM 

(NSEM) ^^U7«Jfi (GPAPUtt) A^lkl/T<5uifeiil/fc 
(02) . 

cum 09 3] mikmmmm^m^rc^mm^mm^ zwrnxnte^ 

(l) ftjhKttfflttofMa 
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=?)V?v h«k 0*181* *J»S«fcHU SteTJfcT 1-2 raiS0^frfc 

#U flfittftttfiUfc. #tAT\ jg»tt*3l'C>flr'fc&U 800 rpnu 5 
#M3i£'#»*fT^» ±if^£Hi&ft. 0. 22/zm ©* >^V>7^ 

(2) #£1>fl££fMB!J& (USC) ©tt*E#»J&^©*Hb«i* 
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TfcU KttS^xJl' (03) , #j£*xJU (03) , MtHg^x^ (SI 
4) , BHt^xJl/ (05) TOttWOiB*. • «*bft»fi 



WO 03/038074 



PCT/JPO 1/09510 



1 9 

[MM 5] BSfB^j&&#fc**l*'v0#fl2lJ* 

V^T. ES$3fl&& 100 mm gelatin-coating dish (IWAKI) , conditionin 
g medium 20m 1 (DMEM, 1 095FCS. lOOu M 2-* )\>% ~J V X? J 100 
0 UNITs/ml ESGRO(CHEMICOlO) , 37*C 5XC0, tT**ftlllllbfc. 
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